The selective transport of mRNA species into peripheral processes of cells is an important aspect of gene expression in the nervous Ž . system. In this study, we report the transport of SC1 mRNA into the distal processes of Bergmann glial BG cells at particular stages of Ž . development. SC1 is a putative anti-adhesive extracellular matrix ECM glycoprotein that is expressed not only in the developing central Ž . nervous system CNS but also in the adult brain. The intracellular distribution of SC1 mRNA was examined in two highly laminated neural structures, the cerebellum and retina, during postnatal development and in the adult rat. Our results indicate that SC1 mRNA Ž . expression is both spatially and temporally regulated. SC1 message was localized to BG cell bodies at postnatal day 5 P5 and P10. However, by P15 through to the adult, SC1 mRNA was transported to distal processes of BG cells in the synapse-rich molecular layer Ž . ML of the cerebellum. In the developing rat retina, SC1 mRNA was expressed in specific neuronal populations by P10, however, transport of SC1 message to the dendrites of these retinal neurons was not detected during development or in the adult. These results indicate neural mechanisms which control the timing and cell type in which selective transport of SC1 mRNA is observed. The localization of SC1 mRNA to the distal processes of BG cells in the synapse-rich ML of the cerebellum could facilitate local control of SC1 protein synthesis which may play roles in synapse formation during development and in synaptic plasticity in the adult. q
Introduction
Ž . The extracellular matrix ECM plays important roles in the development and maintenance of tissue integrity and Ž . function. In the central nervous system CNS , ECM molecules participate in regulating many aspects of development, such as cell migration, process elongation, and w x synapse formation 31,38 . As the brain matures, the expression of many ECM molecules decreases. In contrast, SC1 is expressed not only during development but also in w x the adult rat CNS 16 . SC1 shares partial sequence homology with the ECM glycoprotein SPARC which possesses anti-adhesive properties and modulates the expression and interaction of a range of matrix components and growth w x factors 18 . SPARC is considered to be an anti-adhesive because it can selectively disrupt cellular contacts with the w x matrix and thereby affect changes in cell shape 18 . Rat SC1 may also have anti-adhesive features given that hevin, the human homolog of SC1, has been shown to possess w x anti-adhesive properties 12 . Previous work in our laboratory has found that SC1 protein is strongly expressed in the developing and adult cerebellum, specifically by Ž . Bergmann glial BG cells and their radial fibers which Ž . w x project into the synapse-rich molecular layer ML 21 .
An aspect of gene expression which is receiving increasing attention is the selective targeting of specific w x mRNAs to particular subcellular domains 11, 23, 36 . While most neural mRNA species are confined to the cell body, a growing list of mRNAs are also found in the dendrites of neurons and glial cell processes. For example, mRNA encoding the high molecular weight microtubule associw x ated protein MAP2 10 , and the a-subunit of Ž calciumrcalmodulin-dependent protein kinase II Cam II
. w x kinase 7 are transported into the dendrites of neurons. . Similarly, myelin basic protein MBP mRNA is localized w x to the processes of oligodendrocytes 17,37 . The transport of mRNA into cellular processes facilitates local control of w x the synthesis of selected proteins 35 . This gives rise to the possibility of the translation of dendritic mRNAs in response to synaptic stimulation.
The present study examines whether SC1 mRNA is transported to cellular processes during neural development. Two neural regions which show a laminar cellular organization, namely the cerebellum and the retina, were selected for analysis. The cerebellum is advantageous for an mRNA localization study since neuronal and glial cell bodies and their cellular processes are located in specific lamini. For example, the cell bodies of Purkinje neurons Ž . and BG lie in the Purkinje cellular layer PCL , whereas their cellular processes project into the synapse-rich ML of the cerebellum. Similarly, the highly laminar structure of the retina consists of several cell types organized in discrete cell body and synapse-rich dendritic layers. Both of these tissues have easily distinguishable synaptic layers which facilitate the determination of whether SC1 message is transported into cellular processes during development. Our present studies show that, while SC1 mRNA is expressed in particular neuronal and glial cell types, transport of this message into cellular processes is observed only in BG cells in a developmentally regulated pattern. Hence, cell-specific and stage-specific mechanisms exist which control the transport of SC1 mRNA in the cellular processes of neural cells in the mammalian brain.
Materials and methods

Riboprobe synthesis w x
The SC1 subclone 16 , a 295-bp HindIII-EcoR1 fragment of the rat SC1 cDNA in pGEM-3, was used to generate 32 P-labelled riboprobes for Northern blot analysis. Linearization with EcoR1 or HindIII and subsequent in vitro transcription incorporating 32 P-labelled UTP using SP6 and T7 polymerases produced antisense and sense Ž . SC1 riboprobes, respectively Promega transcription kit . For in situ hybridization studies, the 295-bp HindIIIEcoR1 fragment of SC1 was subcloned into the vector Ž . pBluescript KS pBS which was used in an in vitro Ž . transcription reaction to generate digoxigenin DIGlabelled single-stranded RNA probes as described by Boehringer Mannheim.
Northern blot analysis
Total RNA from brain regions, retina, and kidney was isolated from adult Wistar rats. The cerebellum and cerebral hemispheres were removed and remaining midbrain regions constituted the brain core. Aliquots of 5 mg were separated on 1.5% agarose gels containing 6% formaldehyde and blotted onto Biotrans nylon membrane. Blots were prehybridized at 608C for 3 h in buffer containing Ž 50% formamide, 5 = SSC, 5 = Denhardt's solution 0.1% Ficoll, 0.1% polyvinylpyrolidone, 0.1% bovine serum al-. Ž . bumin , 50 mM sodium phosphate pH 6.5 , 0.1% SDS, 1% glycine, 250 mgrml yeast tRNA, and 250 mgrml sheared herring testes DNA. Hybridization was carried out overnight in the same buffer containing 32 P-labelled antisense SC1 riboprobe. Blots were washed at 708C in 0.1 = SSC, 0.1% SDS and exposed to Kodak X-OMAT film at y708C with a Cronex Lightening Plus intensifying screen. Duplicate blots were stained with methylene blue to verify equal loading of RNA in each lane.
Tissue preparation
Anesthetized Wistar rats were perfused intracardially at Ž . postnatal day 1 P1 , P5, P10, P15, P20, and adult with 0.1 Ž . M phosphate-buffered saline PBS, pH 7.4 followed by PBS-buffered 4% paraformaldehyde. Brains and eyes were removed and postfixed in 4% paraformaldehyde overnight at 48C, and then equilibrated by subsequent overnight incubations in 5%, 10%, and 20% sucrose in PBS, pH 7.4. Tissue was mounted in OCT embedding compound and stored at y708C.
Non-radioactiÕe in situ hybridization
Cryostat tissue sections of 20 mm were collected onto Ž gelatin-coated slides 1% gelatin, 0.5% chromium potas-. sium sulfate and air-dried overnight. Brain sections were postfixed in 4% paraformaldehyde for 5 min and retinal sections were postfixed for 30 min prior to protease treatment. Concentrations in ranges of 1.0, 1.8, 2.5, and 3.5 mgrml of protease K were used for P5, P10, P15, P20radult brain, respectively. Protease K concentrations in ranges of 0.5, 1.5, 2.0, and 3.0 mgrml were used for retinal stages P1, P5, P10rP15, P20radult, respectively. A range of protease concentrations were used for each developmental stage to ensure thorough probe penetration into the tissue. Results shown are representative of optimal conditions. Incubation with protease was at 378C for 20 Ž . min in 100 mM Tris, 50 mM EDTA pH 7.5 . Tissue was Ž . then washed for 10 min in TEA pH 8.0 , and 0.1 M PBS Ž . pH 7.4 for 15 min before prehybridization in a solution Ž . consisting of 50% formamide, 0.1 M Tris pH 8.0 , 5 = Denhardt's, 0.1% SDS, 0.05% N-lauroylsarcosine, and 50 Ž . mM PIPES pH 7.6 . Tissue sections were hybridized overnight at 558C in prehybridization buffer containing 500 ngrsection of DIG-labelled antisense or sense riboprobes. Following hybridization, slides were rinsed in TES Ž buffer 10 mM Tris, 1 mM EDTA, 500 mM NaCl, pH . 8.0 , followed by a 20-min incubation at 378C in TES containing 20 mgrml RNase A. Post-hybridization washes were carried out at 378C and 658C for 1 h in TES and 0.1 = SSC, respectively. Slides were rinsed in PBT buffer Sections were then washed in PBT and incubated with Ž . Vectastain reagent for 1 h Vector Laboratories . Immunoreactivity was visualized by the diaminobenzidinehorseradish peroxidase reaction. Data representative of three animals per age are shown.
Results
Northern blot analysis of SC1 mRNA in adult rat brain and retina
Total RNA was isolated from various brain regions, retina, and kidney from the adult rat and hybridized with a 32 P-labelled SC1 antisense riboprobe which recognizes a w x 3.2-kb mRNA 16 . As shown in Fig. 1 , strong SC1 mRNA expression was observed in adult cerebellum, cerebral hemispheres and core brain regions, while only a trace signal was detected in kidney. In comparison to the brain regions, lower levels of SC1 mRNA were observed in the retina. This reflects the discrete localization of this mRNA species to specific neuronal populations in the retina as Ž demonstrated by the in situ hybridization analysis Figs. 5 . and 6 . SC1 antisense riboprobe detected a single mRNA species of 3.2 kb which was highly expressed in the brain regions, and present at lower levels in retina. A trace signal was detected in adult kidney. Cb, cerebellum; CH, cerebral hemispheres; Co, brain core; K, kidney; R, retina.
Intracellular localization of SC1 mRNA during postnatal neural deÕelopment
The laminar organization of the cerebellum facilitates the determination of whether SC1 mRNA is transported into glial or neuronal cell processes, since cell bodies and their processes are organized in discrete layers in the Ž . cerebellum. The left panels of Fig. 2 low magnification indicate that SC1 mRNA was expressed in the PCL of the Ž . cerebellum. At higher magnification right panels Fig. 2 , it was apparent that this expression was localized to BG cell bodies and not to neighbouring Purkinje neurons Ž . indicated by stars in Fig. 2 . This was clearly visualized as shown in colour in Fig. 6B in which an adult cerebellar section has been hybridized with the antisense SC1 ribo-Ž . probe blue precipitate indicates mRNA signal and counterstained with neutral red to show cellular morphology. SC1 mRNA was expressed in BG which surround the much larger cell bodies of Purkinje neurons which do not express SC1. At P5 and P10, SC1 mRNA was localized to BG cell bodies, however, transport of this mRNA was not detected in cellular processes of these glial cells at this Ž . stage in development right panels of Fig. 2 . By P15, a dramatic change in SC1 expression was evident. An increased level of SC1 mRNA expression was apparent in Ž BG by P15 as shown at low magnification in the left . panels of Fig. 2 , and this pattern was maintained at P20 Ž . Ž . and in the adult ) P60 Fig. 6A . In addition, transport of SC1 mRNA into the radial fibers of BG cells was Ž evident at P15 and P20 as seen at higher magnification in . Ž the right panels of Fig. 2 , arrowheads , and adult Fig. 6B , . arrowheads . The SC1 mRNA signal in these radial fibers extended from the PCL into the ML of the cerebellum Ž . Figs. 2 and 6B . The SC1 mRNA signal was associated Ž with BG fibers shown in Fig. 3 by GFAP immuno-. staining which are orientated as an array of parallel processes, as opposed to the highly branched dendritic tree that is characteristic of Purkinje neurons. No signal was ( ) Fig. 2 . SC1 mRNA localization in BG during postnatal development of the rat cerebellum. Sagittal brain sections taken at P5 to P20, were hybridized with DIG-labelled SC1 antisense riboprobe. At P5 and P10, SC1 mRNA was expressed in BG cell bodies in the PCL. The dark spots in the P5 panel are non-specific background. At P15, an increased level of expression was apparent which was maintained Ž . Ž . through to the adult. In addition to the prominent expression in BG cell bodies indicated by arrows , SC1 mRNA was also present at P15 and P20, but not P5 and P10, in the radial fibers arrowheads of BG cells. Signal extended from the BG cell bodies in the PCL into the distal processes of the Bergmann fibers in the ML. BG, Bergmann glia; GCL, granule cell layer; ML, molecular layer; PCL, Purkinje Ž . cellular layer; stars, Purkinje neurons; arrows, BG cell bodies; arrowheads, BG cell radial processes; P5 to P20, postnatal age in days. Bar for left panels low magnification s109 mm. Bar for right panels Ž . high magnification s 26.4 mm. Ž . evident in the cerebellum at P10. As in adult, GFAP immunostaining at P10 was apparent in BG EF at the pial surface P , and BG fibers arrowheads which radiate into the ML. EF, BG endfeet; ML, molecular layer; P, pia mater; PCL, Purkinje cellular layer; arrowheads, BG fibers. Bar for panels A and B s 26.4 mm.
detected in tissue sections hybridized with a labelled sense Ž . probe data not shown , indicating that the hybridization signal with the antisense probe was specific.
Given the lack of detection of SC1 mRNA transport at P5 and P10, it was necessary to determine whether BG fibers were present at early stages of postnatal development. Immunostaining with an antibody against the intermediate filament protein, GFAP was therefore performed on rat cerebellar sections to establish whether BG fibers span the ML at a developmental stage when SC1 message is apparent only in the cell body. Fig. 3A and B show Ž . radially orientated GFAP positive fibers arrowheads in the ML of the cerebellum in the adult and at P10, respectively. GFAP immunostaining was evident along BG fibers Ž . which traverse the ML to the pial surface P , at which Ž . Ž . point the fibers terminate as endfeet EF Fig. 3 . At P10, BG fibers traverse the ML, however, SC1 mRNA was not Ž . detected in these glial fibers until P15 Fig. 2 , indicating that transport of SC1 mRNA is developmentally regulated.
SC1 mRNA was strongly expressed in BG but not in Ž adjacent Purkinje neurons in the cerebellum Figs. 2 and . 6 . However, neurons of the deep cerebellar nuclei in the adult expressed SC1 mRNA which was restricted to the Ž . cell body Fig. 4A , arrows . Neurons in the adult brain Ž . Ž . stem Fig. 4B and midbrain Fig. 4C also expressed SC1 Ž . mRNA which was apparent in the cell body arrows and Ž . apical dendrites arrowheads . Transport of SC1 mRNA into distal dendritic processes of these neurons was not detected. Similar findings were also observed at P15 and Ž . P20 data not shown . Therefore, mechanisms exist which facilitate the selective transport of SC1 mRNA into distal processes of BG cells, but not neurons, at specific stages in neural development.
DeÕelopmental expression of SC1 mRNA in the retina
Given the strong expression of SC1 mRNA in cerebellar BG cells and the transport of this mRNA into radial fibers of these cells, it was of interest to determine whether SC1 is similarly expressed by an analogous population of radial glia in the retina, namely the Muller cells. In addition, since SC1 mRNA was apparent in apical dendrites of brainstem and midbrain neurons, it was of interest to investigate whether SC1 mRNA is transported into neuronal processes in the retina. The retina is an ideal tissue for studies on mRNA localization since it is a highly ordered laminar structure composed of several neuronal populations organized in discrete cell body layers separated by synaptic-rich laminae. This laminar organization provides an ideal system to determine the intracellular distribution of mRNAs. The retina contains very few glial cell types, namely astrocytes which have migrated from the optic nerve, and Muller cells, a type of radial glia that is unique to the retina. Furthermore, the retina is particularly well suited for developmental studies on mRNA transport into cell processes since synaptogenesis occurs postnatally.
To localize SC1 mRNA at the cellular level and determine if this mRNA was transported into neural cell processes during postnatal development of the retina, a nonradioactive DIG riboprobe was employed for in situ hybridization analysis. The non-radioactive in situ results were confirmed by earlier studies utilizing 35 S-labelled Ž . riboprobes data not shown . The DIG probes resulted in improved signal resolution since the morphology of the cell processes was more clearly distinguishable. In the Ž . newborn rat P1 , SC1 mRNA was localized to the gan-Ž . glion cell layer GCL and a diffuse signal was also present in the inner neural retina, the neuroblast layer Ž . Ž . NBL Fig. 5 . By P10, expression of SC1 mRNA segregated into two distinct bands in the GCL and inner nuclear Ž . layer INL reflecting localization of SC1 mRNA to gan-Ž . glion and amacrine neurons AC . As shown in the colour Ž panels Fig. 6C and in an adjacent counterstained section . in Fig. 6D , SC1 expression in the INL was limited to the inner region where the AC are found. This pattern was P15 Fig. 6C , P20 , and in the adult Fig. 5 . There was no indication of SC1 mRNA transport into the dendrite-rich layers of the retina at any developmental stage since the inner and outer plexiform layers were consistently negative.
Interestingly, SC1 mRNA was not detected in retinal Muller cells. This was evident by the lack of signal in the middle portion of the INL where the Muller cell bodies are located. Furthermore, if SC1 mRNA was transported into Muller cell processes, then localization of message would be apparent in the radially orientated processes of the Muller cells which extend from the outer to the inner limiting membrane, traversing the inner and outer nuclear w x layer and the inner and outer plexiform layer 32,33 .
The full-length SC1 cDNA sequence 16 was analyzed for the presence of sequences homologous to the 21-base RTS in the 3 X UTR of MBP mRNA, which has been reported to be necessary for the transport of MBP mRNA w x into oligodendrocyte processes 2 . As depicted in Fig. 7 , Fig. 7 . Schematic illustration of the modular domains in SC1 and the location of RTS motifs. SC1 has a signal sequence and the unique w x N-terminal region is composed of acidic residues 16 . The carboxyl terminal region of SC1 shares a partial homology to SPARC as shown on the diagram. This region is comprised of a follistatin-like cysteine-rich Ž . domain and the EC extracellular calcium-binding domain, consisting of w x an a-helical region and the EF-hand calcium-binding domain 20 . RTS 1 and 2 were located in the unique portion of SC1 whereas RTS 3 was found in the follistatin-like cysteine-rich domain which shares homology with SPARC. The consensus RTS was the 21-bp RNA transport sequence in the 3 X UTR of MBP mRNA that was shown to be necessary for the w x transport of MBP mRNA 2 . Bases identical to the consensus are given in non-boldface type, and blank spaces indicate missing bases in the homologous RTS.
SC1 was found to contain three putative RTS elements Ž . indicated as RTS 1 to 3 , which were located within the open reading frame. All three RTS-like elements have fourteen or more bases identical to the 21-base RTS w x sequence in MBP mRNA 2 .
Discussion
During the development of the CNS, cell migration, process elongation, and synapse formation are some of the key events that are mediated by ECM molecules. SC1 is a putative anti-adhesive ECM glycoprotein that is expressed not only in the developing CNS but also in the adult brain, indicating that SC1 continues to play roles in the CNS w x after migration and proliferative events have ceased 16,22 . BG cells in the cerebellum strongly express SC1 and the protein is deposited along BG fibers projecting into the w x synapse-rich ML 21 . The present study examines the intracellular localization of SC1 mRNA in the rat cerebellum and retina during postnatal development. The selective targeting of specific mRNAs to particular intracellular w x domains is an important aspect of gene expression 36 . The expression of SC1 mRNA was investigated in neural regions that are highly laminated which facilitated the determination of whether SC1 mRNA is transported into neuronal or glial processes during postnatal development.
The targeting of specific mRNAs into dendrites of Ž neurons has been studied extensively reviewed in Refs. w x. 11,23 . Only a subset of neuronal mRNAs are candidates for dendritic transport since the majority of mRNAs are localized to the cell body. Nevertheless, there is a growing list of mRNAs detected in dendrites of neurons. Certain mRNAs are also transported into processes of glial cells. In oligodendrocytes, it is well established that MBP mRNA is present in myelinating cell processes, but is confined to w x the cytoplasm of immature oligodendrocytes 17,37 . In addition, studies in our laboratory have demonstrated that the inducible heat shock mRNA, hsp70, is transported into w x oligodendrocyte processes after hyperthermia 9 . In vivo studies indicate the localization of GFAP mRNA to glial processes of reactive astrocytes and fibrous astrocytes near the glial limitans in the adult brain, and in radial glial w x fibers of the human fetal spinal cord 17 . The present study provides in vivo evidence of a transported mRNA which encodes a putative ECM molecule. Moreover, we are not aware of any other mRNAs that are transported in BG, a specialized type of radial glial cell.
SC1 expression is spatially regulated since neurons in the deep cerebellar nuclei demonstrated a cytoplasmic distribution of message, while other cerebellar neurons such as granule or Purkinje cells did not express SC1. However, SC1 mRNA was strongly expressed in BG cells and selectively transported into their distal cellular processes at specific stages in development. Interestingly, SC1 ( )mRNA was not detected in Muller cells, a type of radial glia that is maintained in the adult retina. It has been proposed that retinal Muller cells are analogous to BG in the cerebellum, providing a scaffold over which neurons can migrate. The lack of SC1 expression in Muller cells was apparent by the absence of signal in the INL where the Muller cell bodies are situated, and by the absence of signal attributed to the characteristic radially orientated processes extending from the outer to the inner limiting membrane. In the retina, SC1 mRNA was localized to the cell bodies of ganglion and amacrine neurons by P10. However, there was no detectable transport of this message into the dendrites of these neurons at any stage in retinal development. These results suggest a spatial and temporal neural mechanism that controls the selective transport of SC1 mRNA into BG cell processes.
Targeting of mRNA into neural processes appears to depend on parameters such as developmental stage and w x regional location in the brain 17 . SC1 mRNA is expressed in BG cell bodies at P5 and P10 but the message is not transported into the distal processes of these cells until P15, a period of active synaptogenesis in the rat cerebellum. The possibility exists that a low level of SC1 mRNA is transported out at P5 and P10 but that it is below the level of detection. At P15 and thereafter, there is a very robust SC1 mRNA signal associated with BG processes. Developmental in situ studies in our laboratory have shown that calmodulin I mRNA is localized to dendrites of Purkinje neurons between P15 and P20 which also corresponds to the time of cerebellar synaptogenesis, and this w x mRNA is likewise restricted to cell bodies at P10 6 . Similarly, expression of Arc mRNA increases considerably during the second and third postnatal weeks which parallels the period of morphologically defined activity-depenw x dent restructuring of synapses 19 . The targeting of certain mRNAs to subcellular domains could allow for the rapid translation of these messages in response to synaptic stimw x ulation 36 .
During the first 3 weeks after birth, BG guide granule cell precursors from the external to the internal granule w x layer of the cerebellum 3,14 . During this period, BG fibers exhibit a number of structural changes during their differentiation. Fibers are smooth until about P12 when lateral protrusions from the radial stem processes dramatically increase in number, and at P15 resorption and differw x entiation of these lateral protrusions continues 8 until about P25 when the characteristic morphology of mature w x Bergmann fibers is attained 34 . Therefore, the differentiation of BG processes is dynamic involving continual growth of new processes, extension of existing ones, and retracw x tion and resorption of others 8 . The localization of SC1 mRNA to BG processes could facilitate local synthesis of this anti-adhesive ECM molecule which may play a role in these events.
Interestingly, SC1 mRNA continues to be associated Ž . with processes of BG in the mature adult rat ) P60 , which implies a requirement for the selective localization of SC1 mRNA after developmental events have ceased. The transport of SC1 mRNA in distal processes of BG may be important for modulating synaptic plasticity in the adult cerebellum. Synapses in the cerebellar ML are enveloped by a BG sheath such that BG processes surround w x and intermingle with neuronal elements 29,30 . Therefore, BG are in an ideal position to respond to and modify events at synapses. Purkinje cell-parallel fiber synapses are tightly surrounded by BG membranes that possess a variety of receptors and ion exchangers, which could allow w x for glial modulation of synaptic events 24,28 . It is becoming increasingly apparent that glial cells are intimately involved in the active control of neuronal activity and w x synaptic transmission 5 . As has been suggested for astrow x cytes and Muller cells 4,25,26 , BG may also play a direct role in modulating synaptic activity through changes in local calcium concentrations. Since SC1 has a calcium w x binding domain that is homologous to SPARC 20 , SC1 could regulate local levels of calcium. Recently, it has been demonstrated that after electrical stimulation of parallel fibers in a cerebellar slice preparation, there is an increase in intracellular calcium concentration in microdomains within BG cell processes which has been suggested to interact with the particular group of synapses w x which they ensheath 13 . The association of SC1 mRNA with distal processes of BG suggests that SC1 protein may be locally synthesized and secreted into surrounding synaptic areas where it may act as a buffer regulating changes in local calcium concentrations.
It has been demonstrated that fluorescently tagged exogenous MBP mRNA, when microinjected into cultured oligodendrocytes, assembles into granules in the cell body and is transported into peripheral processes along microw x tubules 1 . Construction of chimeric MBP mRNAs have delineated the motifs that are required for mRNA transport. A 21-nucleotide sequence, termed the RNA transport signal or RTS, in the 3 X UTR of MBP mRNA is required w x for transport 2 . The RTS binds hnRNP A2, an ubiquitously expressed RNA binding protein in mammals that is w x most abundant in the rat brain and testis 15 . It has been suggested that the RTS may represent a cis-acting signal for RNA trafficking in a variety of different cell types given the presence of homologous sequences in several w x other localized mRNAs 2,27 . Three putative RTS-like elements are located within the coding region of SC1.
The results presented here indicate a spatial and temporal neural mechanism that regulates the selective transport of SC1 mRNA into BG cell processes in the cerebellum, but not into processes of retinal cells. Our report provides evidence for the transport of an mRNA that encodes an ECM protein. The selective localization of SC1 mRNA within distal processes of BG cells could facilitate local control of SC1 protein synthesis. Since SC1 is a secreted calcium-binding glycoprotein that possesses anti-adhesive properties, it may play an important role in regulating ( )levels of intracellular calcium and mediating rearrangements and alterations in synaptic strengths and contacts during development and in synaptic plasticity in the adult.
